I point out that B → X q ℓ + ℓ − decays (q = s, d) are sensitive probes of possible violation of CKM unitarity. I compute the decay rates and asymmetries in a minimal extension of the Standard Model containing an additional isosinglet charge (-1/3) quark, which leads to a deviation from CKM unitarity. It is shown that even for small mixing ratios z qb /(V * tq V tb ) ∼ O(10 −2 ), the contribution of the tree-level Z−FCNC appearing in the model should change the rates and asymmetries significantly. Especially the CP asymmetry, A CP (B → X s ℓ + ℓ − ), can be enhanced to be few percents, while in the standard model the size is less than O(10 −3 ). On the other hand,
Beyond the experimentally measured B → X s γ, the study of another flavorchanging neutral current (FCNC) processes, B → X q ℓ + ℓ − with q = s or d, may also provide important test of the Standard Model (SM) as well as open a window for physics beyond it.
In the present letter, I point out that these decays are sensitive and has crucial dependence on the unitarity of the Cabibbo-Kobayashi-Maskawa (CKM) matrix.
For definiteness, I adopt a typical model that violates the unitarity, that is the SM containing an additional isosinglet charge (-1/3) quark [1] . Then the decay rates and asymmetries of the channels will be analysed in the framework of the model.
Phenomenologically, the unitarity violation in the new CKM matrix is not affecting the branching fraction B → X s γ to any level of significance [4] . However, I will
show that B → X q ℓ + ℓ − even for q = s can change significantly. Furthermore, there are also theoretically appealing motivations behind its consideration, i.e. E 6 GUT, some superstring-inspired model and a solution to the strong CP problem [2] . Now I briefly describe the model. An extra down-type (charge -1/3) quark, whose left and right handed components are both SU(2) singlets, is introduced. Then the particle content for the quark sector is,
with generation indices α = 1, 2, 3, 4 and i = 1, 2, 3. Throughout this paper I use the following notations for chirality, L/R ≡ (1 ∓ γ 5 )/2. Consequently, in the present model the gauge interactions in terms of the mass eigenstates become,
where
and the new CKM matrix is a 3 × 4 one, that is
Here U u,d are unitary matrices that relate the weak and mass eigenstates as below,
Indeed, using the unitarity of U u,d , the CKM unitarity violation in the present interest can be expressed as follows,
From Eq. (2), it is clear that tree-level FCNC is appearing in the model. Of course other tree-level FCNC also exist in the neutral Higgs sector, but it should be suppressed by a factor 1/M W . So I ignore the contribution here. Remark that the photon interaction is not altered at all.
In most of models, including the SM and the present model, b → q ℓ + ℓ − decays can be expressed by three effective Wilson coefficients and are governed by the following effective Hamiltonian [5] ,
where q µ denotes four-momentum of the dilepton and s = q 2 . Notations with hat on the top means it is normalized with the b−quark mass. In the tree-level approximation, new interactions in Eq. (2) contributes to O 9 and O 10 . Therefore, involving the continuum and resonances parts into calculation gives
Here The additional terms proportional to the mixing ratios z qb /V * tq V tb in Eqs. (14) and (15) are coming from the tree Z−exchange diagram respectively, while in Eqs. (11) and (12) are due to the unitarity violation relation in Eq. (6) in the calculation of b → q u iūi processes. One may expect that these terms will contribute to the CP violation in the channel together with the usual contribution in C 9 eff , because generally z qb has different phases with V *
where θ q = arg z qb /V * tq V tb . However, as pointed out later C 10 new contribute nothing to the CP asymmetry, while C 9 new gives small change. From Eqs. (14) and (15) 
where [12] . Secondly, from B → X s γ which experimentally has been measured to be B(B → X s γ) = (2.32 ± 0.57 ± 0.35) × 10 −4 [8] , one can extract a constraint for z sb /V * ts V tb . Generally in terms of the semi-leptonic B decay, the branching ratio for B → X q γ is expressed as
where (11) and (12) can be ignored, while in Eqs. (14) and (15) must be kept as it stands. Particularly in the case of q = s the ratio V * uq V ub /V * tq V tb is negligible, while for q = d it should be kept and roughly I put the ratio and the phase to be same with the SM [7] for simplicity. Now I turn to analyse the dilepton invariant mass distribution of the decay rates and asymmetries in the channels. Involving the lepton and quark masses, the differential branching ratio (BR) is
with respect to the b−quark direction in the dilepton CM system and C bqℓℓ = B(B →
The normalized forward-backward (FB) asymmetry is defined [10] and calculated as follows
Doing same treatment as [9] in the amplitude level, the normalized CP asymmetry can be written simply as
where B andB denote the BR of theb → q ℓ + ℓ − and its complex conjugate b → q ℓ + ℓ − respectively. Different with the SM, in the present model there is a possible new source of CP violation in C 10 eff . Redefine the Wilson coefficients C i eff (i : 9, 10)
As mentioned before, it is clear that C 10 eff will not contribute to the CP asymmetry in the model. Because one needs both complex CKM factor and complex Wilson coefficients to produce CP asymmetry, that is Im C i , Im C i CP , Im C CP i and the imaginary of its combination must not be zero.
For the longitudinal polarization in the ℓ − rest frame, the normalized leptonpolarization (LP) asymmetry is given as [11] A
with
As the results, the distributions of differential BR and asymmetries on dilepton 
In conclusion, the measurements of the decay rates and asymmetries in B → 
